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LSND NEUTRINO OSC[LLATION RESULTS

W. C. [.ouis, representing [he L!WD Col[abcwa(ion ~)
b Alamos ?+LntimalLaboratory, Los Alamos, NM $7545, USA

DISWMMER

. . -.. ---

Alwtract

The LSNV experiment at Los Alamos has conducted a SCarch for TM+ F,. O.SCIIh rims
using V,i from p” dwa y at rwit. The V. are detected via the reacti.~n T,./}+ r+IJ,
correlated with the 2.2-.UeV y from up + dy, The usc of tight cuts to jdentlty r’
events with correlated y rays yields 22 event+ i~ilh P* energy between 36 and 60 IWV
and only 4.6 t 0.6 background events. The probability that this uxcess is duc entirely to
a statistical fluctuation is 4.1 x 104. A ~2 fit tn the entire F+ sample results in ~) t<lt~l
excess of 51.8 ~}#:~ * 8.() events with c+ energy bctwtwn 20 and W WV. lf attributd tu
UP + Fe oscillations, this corresponds to an OSCIIla mm probabll Jty ((Iveragcd over the

experimental energy dnd spiitial acmptimce) of (0.31 k 0.12 ~ 0.G5)%.



[NTRODUCTION

[n the past smwral years, a number of csperirncnts hi~tlc suarchcd for ncutrino

oscill~~tions, where a neutrino of one type (say V,U) spontaneously trimstorms into a

n.eutrino of another type (say V,,)m For this phwmmenon to occur, neutrinos must be

rnassit’e and the apparent Conservation law 0[ Iepton families must be violated. In

1995 the LSND experiment published data showinx candidate events that arc

‘) Additkmal data me reported here that provideconsistcnr rvith Vu + Tf oscikdions. -

stronger evidence for neutrino oscillations. ~}

DEIK30R

The Liquid !%inti]lator Neulrino fl?tector (LSND) experiment at LAMPF ~J is

designed to search with high sensitivity fur V,U+ Tc oscillations from u + decay at rest.

LAMPF is a most intense .sourcc of low energy neutrinos due to its l-mA proton

intensity and /WO-MeVenergy, The neutrino source is well understood ~) because

almost a II neutrinos d rise from n + ~v p+ &cay; J7- and p- are readily captured in III*’

Fe of the silielding and Cu of the beam slop. The production of kaons dnt.i heavier

mesons is neg!igibk at these energies. The Vr r;tte is calculated to be only 4 x 10-4

relative to Vti in the 36 < Et, < 52.8 MeV energy range, so tkt the observation of a

significant V,. rmtc would fm evidence for VP + FC oscillations.

The I.SND detector consists of an approximately cylindrical tank M m long by

5.7 m in diameter. 77-w center of the detector is .30 m from the neutrino source. On the
inside surface of the tank l?~O 8-inch Hammnatsu phototubes provide 25% phok-

cathode coverage. A schematic of the IJ5ND ael@& is shmvn in Fig. 1. The tank is
fil!ed with 167 metric tons of liquid scintillator consisting ot’ mineral 011and 0.031 g/1

i~f b-1’llD. The low scintillator concentration allows the detectmn of both ~erenkov

light ancl scintillation light and yields a relatively long attenu~]tion length ot more
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than 20 m for wavelengths greater than 400 nm. 6, A typical 45-MeV electrun creatd4
in the detector produces it totdd of -1500 photoelectrons, of which -~dd photoclectrcms

are in the Cwenkov cone. The phototube time and pulse height signals are used to
reconstruct the track with an average r.m.s. position resolution cd -.UI cm, an atlgular

resolution of -12 degrees, and an energy resolution of -T%. The (kmkov cone for
relativistic particles and the time distribution of the light, which is broader for non-

relativistic pmticles, give excellent particle identification. Surrounding the detector is
iI veto shield, 7, which tags cosmic ray muons gning through the detector.

DArA

The sibmiiture fur a Pr interaction in the detector is the reaction Frp + E-n

followed by np+ dy (2.2 MeV). A likelihood ratio, R, is employed to determine

whettwr a y is a 2.2-?deV photon correlated with n positron or is from an accidental

coincidence. R is the likelihood that the y is correlahd, divided by the likelihood that

it is accidental. R de~nds on the number of hit phototutws for the y, the recon-
structed distartce between the positron and the Y, and the relative time between the Y
●nd positron. Figure 2 shows the R distribution beam-on minus beam-off, for events

with positrrms in the .36 < E c 60 MeV energy range. The dashed hlstokwarnis the

result of the R fit for wwnts witbout a rem..iI rwutrcm, and the solid histogram is thu
total fit, including events with d ndulron. Aftw subtracting the neutrilm background

with n recoil neutron there is a total e=ss or 51.$ ~~}:~ * $.0 events, which if ~~u~ tl~

ncutrino oscillations corresponds to an osciilation pobabilit y of (0.31 ~ 0.12 * 0.05)%,.
.
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Fig. 3. The energy distribution for ewunts with (a} R 20 mwt (b) K > 30. Shown h the
figure arc the beam-excess data, ~stimated mwtrino background (dashed), and expected
distribution fur neutrino oscillatim~s at large AIJI:, plus estim~led neutrino background
(solid).

Figure 3 shows the electron energy distribution, beam-cm minus beam-oft

excess, for events (a) without n Y requirement +md (b) events with iit~ associated y

with 1{ > 30. For this latter requirement, the total 2.2-lMeV y detection efficiency is

23% and the probability that an event hns an accidental y in coincidence is 0.6%. Tlm

dashed histogram shows the background from expecled neutrino lnlcractu-ms. There

arc 22 events beam-on in the 36 < E- < NJ MeV cncrgv range .md J totalmtlmatixi

background (beam-otf plus ntiutrmo-induced background) 01 4.() t (J.fI w-cnts Thi’

probability that this excess is ,1 stntistlml lluctu,ltim~ is < ltJ-7. “[’,~Lde1 gives the LMch-

ground estimate for ewnts in tlw 36< IT,.s A(3MeV energy range with R ? O ,Ind R ‘.-

30. Figure 4 shows tlw S}liithl distributions for tlw bvam on-off excess events witlt R 2

(1and K > 30, while Fig. 5 shows the C(JS0,, distribution for thu R ~ 30 smnplc, whw

#(, is the angle bct~vccn ttw ncutrlnc] dircctmn mnd ttw reconstructed Fosttron

dir{ ’ction. The olxw:rvud ,~vcri]gt? valut~ of co:; (/,, 15 U.N t U 1.1, In ,~grccmcnt with [Iu’
uxfwCttid Vi\lUP [d 11.lfl ftM’ U,.p l~)turiwtml]b AIs{~, [ i~ 6 dM)WS the ,lSsuCI,\tQd }’ tlllid,



Table 1. A list ot all backgrounds with the expcctt-d nulnber of background events in
8

the 36< Ec c 60 MeV energy rnnge for f? 20 and R > 30. The ncutr]n(}s fire from

cithw x and .U decay at rest (DAR) or decay in tli~ht (DIF). Also shown are the
number of events expected for 100% Tu + V,. tral~smut,ltlon.

Events with Events with
Background ~Neutrino SOUrce K20 /?>.30

Total without hleutrons 68,6 & 7.4 0.41 t 0.04
—-——.-— ...—.—

Grand Total ?22.7k 8,2 4.65 * 0.57

100% Transmutatiwl p- + ~.v~,, ~,. DAR 12500* 1250 2s75 + .345

1%4T hits, and distance distributions and that cxpcctcd for correlated 2.2-Me\’ ys. lt

the observed excess is due to neutrino {wciilations, Fig. 7 shmvs the allowcId rcgim

(90% md 99% Iikelihwd regions) cd sin? 28 vs. Amp trr~lti a nlhb.imum Iikeliluloit lit

to the L/E distributicm O( tlw 22 lwiim-w e!wwts $LIIIIP (.]( tlw dllt)tvetl r~~i~)il i~

excluded by tlw unguing KARMEN uxperimmlt t+l 1S1S, ‘) tlw E776 exf~cri(lwlll ,11

BNL, “) and the Bugey reitctor experiment. 1“)



x-position (cm)
.- *-. 1 .:

1(-1-

5–

o—

y-posilion (cmj

t

-.T., —-,-:r. , -r-,. ,..1.7.
15: 1“ , ‘I[c),.

+ ‘lit
I

?Jt+j IL” I’* 1 !++

Yiwk3
-~)Q () ~)Q

z-position (cm)

-~(-)o o ~)()

x-position {cm)

1-”
T 1 ‘“—~..

-200 0 200
z-position (cm)



1- -“ —.--l’--rr , .–-. , , ~ =—--,

,), -_,, ~ ~!-++-+= _ ~-.
0 “ 50 l(Mi ‘1-50’—300 2s0

pll:~z
c (); ‘ ‘ IA

w) 1(K) — “1so zoo”
* (cm)

Fig. 6. The associated y {a) time, (b) PMT hits, and (c) distance distributions tor bean~-
m data evei~ts with 36 < ii, <60 iMeV and R > M aid tlmt expected for corrvla ted 2.2-
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I:ig. 7. !.lore data taking IS planrwd ?or the expimmcnt. and the performance of thu #

detector is under mnt!nmm Nudy. k>th d these Mm-ts am rx~M.Y14 to impmw the

undemtanchg of thu phenomena described here. If neutrino oscillations have in fact

been obsmwxi, then the minimal standard model would need to be modified and
neutrinos wmdd
the univeme.

have mitss sufficient to intlucnce cosmology and the mdution of
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